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《理论计算电化学》专辑序言
程 俊
（固体表面物理化学国家重点实验室， 厦门大学化学化工学院， 能源材料化学协同创新中心， 厦门361005）
电化学是一门古老的科学，有着悠久、光辉的历史.近年来，能源、环境等问题在世界范围内被大众广
泛认识且越来越受到各国政府的重视，很多重要的能源体系和过程，如能量转化和存储、太阳能利用等，
都是属于电化学所研究的范畴.因此，电化学这门学科在近年来迸发出新的活力.
相对于电化学悠长的历史，理论计算电化学，特别是基于第一性原理计算电化学，却是在近一、二十
年才逐渐发展起来.随着超级计算机计算能力的指数增长和以密度泛函理论为主的第一性原理方法的相
关软件和算法的高速发展，计算模拟已经成为化学、物理、材料科学等学科中很多领域方向不可或缺的研
究手段，特别是在固体材料以及表面催化方面的研究中更是发挥中非常重要的作用.然而，计算电化学却
发展相对缓慢， 究其原因是电化学中所涉及到的物理化学过程的高度复杂性.从基础上来说电化学是研
究由电子导体的电极和离子导体的电解质组成的电化学界面上、在外加电压（电场）调控下发生的电荷转
移、化学键形成／断裂等物理化学过程.要模拟这样一个极为复杂的体系，除了准确高效的电子结构计算
方法，还需要结合统计抽样、自由能计算、电荷转移理论、巨正则统计（恒电位和离子活度等）、外加电场等
复杂的理论计算方法.这些目前都是领域中理论方法发展的热点，而且都还有很大的发展空间.由于电化
学在能源研究中的重要性，可以预见未来将有越来越多的理论计算学家投身于理论计算化学的研究之中.
鉴于理论计算电化学在国内的研究尚处于相对初期的阶段，本专辑邀请三篇来自不同领域方向和研
究角度的论文来呈现理论计算电化学的发展现状和趋势.其中包括从表面催化的角度研究电催化中反应
物在电极表面的化学吸附过程、经典分子动力学模拟结合外加电场研究溶液的介电性质、锂电中固固界
面间的离子迁移过程的理论研究.由此可以看出理论计算电化学是一门高度学科交叉的研究方向， 研究
对象的复杂性，以及涉及的计算方法的多样性.
最后，对本专辑的所有作者、审稿人及编辑部工作人员的辛勤工作和付出表示由衷的感谢！
电 化 学 2017年
Preface for Special Issue on Theoretical and
Computational Electrochemistry
Electrochemistry,anoldbranchofscience,hasalongandglorioushistory.Ithasbecomeagainanexciting
and vibrant research field. Recently, tremendous attentions have been paid on electrochemcistrybecause of its
closerelevancetoenergyandenvironmentrelatedissuesthathavecausedwidepublicconcernsandreceivedat-
tentionsfrommanygovernments.Manyimportantenergysystemsanddevices,includingenergyconversionand
storage, as well as solar energyutilization, involve electrochemical processes that traditionallyfall into the re-
searchthemesofelectrochemistry.
Incontrasttothelonghistoryofelectrochemistry,theoreticalandcomputationalelectrochemistry,particu-
larlythosebasedonfirst-principlescalculations(i.e.ab initioele trochemistry),ha notbeenwidelystudiedun-
tiloneortwodecadesago.Withrapidincreaseincomputingpower and development ofefficient computer al-
gorithms(mainlybased on densityfunctional theory, DFT), computer simulation has become an indispensable
toolinmanyareasofresearchinchemistry,physicsandmaterialsscience.Inparticular,DFTcalculationshave
playedasignificantroleinstudyingsolidstatephysicsandsurfacecatalysis.However,thedevelopmentinabini-
tioelectrochemistryfallsfarbehindchemists’expectationsowingtothelevelofcomplexityinvolvedinelectro-
chemical processes. From a fundamental point of view, electrochemistryis investigating the interface between
an electronically conducting electrode and an ionically conducting electrolyte, and the physical and chemical
processes such as charge transfer and bond breaking/forming at the interface controlled by an external bias.
Modelingsuchanintricatesystemrequiresawidevarietyofcomputationalmethodsandtheories,namely,elec-
tronicstructure calculation, statistical samplingmethod, free energycalculation, electron transfer theory, grand
canonicalensembletechnique(i.e.constantelectrochemicalpotentialsofelectronsandions),finiteelectricfield
method,etc.Thesearetopicalissuesinthefield,andhavealotofroomfordevelopment.Inviewofthesignifi-
cance to energyresearch, it can be foreseen that more and more computational chemists and physicists will be
attractedinthefieldofab initio electrochemistry.
Consideringthe rather earlystage oftheoretical and computational electrochemistry, Iam glad to present
inthisspecial issue three publicationsfrom different areasand with different angles, in order to showthe state
oftheartandperspectiveofthisrelativelyyoungfield.ItconsistsofaDFTstudyinchemisorptionofreactants
onelectrodesthatarecloselyrelatedtosurfacecatalysis,aclassicalmoleculardynamicssimulationofaqueous
solutionunderanelectricfieldtounderstandthedielectricpropertyofwater,andaDFTinvestigation in trans-
portoflithiumionacrosssolid-solidheterojunctions.Ihopethattheyaresufficienttodemonstratethattheoreti-
calandcomputationalelectrochemistryistrulyahighlyinterdisciplinarysubjectthatrequirescombinationofa
myriadofcomputationaltechniquesfromdifferentfieldstosimulatethecomplicatedelectrochemicalprocess.
Iwouldliketotakethisopportunitytothankalltheparticipants,authors,reviewers,andeditorialstaffsof
Journal of Electrochemistryfortheirexcellentandprofessionalcontributionstothisspecialissue.
GuestEditor
ProfessorDr.JunCheng
StateKeyLaboratoryofPhysicalChemistryofSolidSurfaces,
CollaborativeInnovativeCenterofChemistryforEnergyMaterials,
CollegeofChemsitryandChemicalEngineering,XiamenUniversity
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